The needs of the peoples of sub-Saharan Africa (SSA) for more and better health care are broad and well documented. 1 Solutions to fulfilling these needs have had limited success, and innovative approaches must be explored to address the growing burden of disease. We propose population health science education in the training of health professionals as part of the solution to this challenge. We focus on SSA and East Africa in particular, where there is the promise of significant growth in health science education. 2 We argue that incorporation of a population health perspective into emerging curricular development and training will build a stronger and more capable health workforce.
Global Context and Definitions

What is population health and population health science?
Population health is a growing field of inquiry and training in health science that examines the behavioral and social determinants of disease, in addition to their biological mechanisms. It has become a critical perspective in health science education at a time when such education is in need of radical reform. As the Lancet Commission on Health Professionals for a New Century describes in its 2010 report, the current state of health professionals training worldwide is based on "fragmented, outdated, and static curricula that produce ill-equipped graduates. The problems are systemic: mismatch of competencies to patient and population needs; poor teamwork; … narrow technical focus without broader contextual understanding; episodic encounters rather than continuous care; … and weak leadership to improve health-system performance." 3 Kindig and Stoddart 4 defined population health in 2003 as "the health outcomes of a group of individuals, including the distribution of such outcomes within the group." 4 In the decade following, the definition has evolved to include the examination of complex questions about the determinants of health in a population. The inclusion of population health in the medical curriculum has been advanced in many developed countries including the United States, Canada, and Australia. 5, 6 Although its roots can be traced back to the Flexner Report in 1910, 6 the term has only recently become widely used, 7 and efforts to incorporate systems thinking and population health perspectives into training in the United States, for example, still continue. 8 Population health science is an interdisciplinary approach to addressing questions of population health and draws on expertise from basic, clinical, behavioral, and social sciences. 9, 10 The approach integrates traditional public health, including epidemiology, and the professional health sciences with social sciences and other disciplines. Population health science interacts with other societal sectors, advancing the concept of "health in all policies," 11 which is the inclusion of health considerations in decisions made in all societal sectors. Population health science takes a life course approach 12, 13 and focuses on translation and dissemination of new knowledge into useful applications.
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Concept and theoretical framework
The multilevel nature of the influences on population health is illustrated by the Abstract Sub-Saharan Africa suffers an inordinate burden of disease and does not have the numbers of suitably trained health care workers to address this challenge. New concepts in health sciences education are needed to offer alternatives to current training approaches.
A perspective of integrated training in population health for undergraduate medical and nursing education is advanced, rather than continuing to take separate approaches for clinical and public health education. Population health science educates students in the social and environmental origins of disease, thus complementing disease-specific training and providing opportunities for learners to take the perspective of the community as a critical part of their education.
Many of the recent initiatives in health science education in subSaharan Africa are reviewed, and two case studies of innovative change in undergraduate medical education are presented that begin to incorporate such population health thinking. The focus is on East Africa, one of the most rapidly growing economies in subSaharan Africa where opportunities for change in health science education are opening. The authors conclude that a focus on population health is a timely and effective way for enhancing training of health care professionals to reduce the burden of disease in subSaharan Africa.
framework introduced by the U.S. National Institutes of Health-supported Centers for Population Health and Health Disparities (Figure 1) . 15 While the usual focus of health science training goes no further than the proximal factors of biologic pathways and individual risk factors, population health draws on the social and physical environment and the fundamental "causes of the causes" to fully integrate an understanding of how both intermediate and distal factors affect health and disease.
The Importance of Population Health Training in Africa
The integration of a population health perspective in health science education should be part of the solution to the profound health challenges faced by SSA countries. 16 It has been estimated that Africa sustains 24% of the global burden of disease, though it is served by only 3% of the world's health workforce, with on average only 18 physicians per 100,000 population. 1, 17 Add to this the depth and breadth of the disease burden in SSA and the complications of population growth, economic deprivation, weak health systems and infrastructure, and sociopolitical unrest, and the challenges become enormous. Traditional education that separates public health from clinical health care potentially compromises the opportunity for developing the breadth of leadership required to address complex systems issues across the spectrum of prevention and health care that collectively impact the health of the population. 18 A critical mass of competent local health professionals trained to understand the complexities of disease burden and address clinical challenges as well as their determinants is necessary, although not sufficient, to improve health outcomes. [19] [20] [21] [22] East African health systems continue to be overwhelmed by the burden of the "big three" diseases of HIV/AIDS, malaria, and tuberculosis. HIV/AIDS remained the greatest contributor to adult mortality in Kenya, Tanzania, and Uganda from 2000 to 2012, with up to 18.2% of deaths attributable to HIV. [23] [24] [25] Malaria remains a chief cause of adult mortality, but more notably of child mortality, accounting for up to 13% of child deaths in Uganda, the third leading cause of child death. 25 Tuberculosis, while contained in many regions within East Africa, continues to challenge health systems in high-transmission areas where treatment is complicated by drug resistance. Health workers are strained further by the increasing burden of noncommunicable diseases, including ischemic heart disease, stroke, cancer, and type 2 diabetes associated with the rise of industrialization. [23] [24] [25] [26] [27] The complexity of this challenge demands the creation of the capacity for management, research, and new professional skills that take a population health perspective.
Part of this capacity may be provided in the context of the East African Community, which since 2000 has 1608-1615. 15 The Sheridan Press.
been the regional intergovernmental organization encompassing Burundi, Kenya, Rwanda, Tanzania, and Uganda, a region with a 2014 population of approximately 145.5 million. 28 The Inter-University Council for East Africa is the mechanism through which the transformation of health professional education could be implemented as the number of medical and nursing schools increase and there is commitment to more effective integration across the region.
East Africa has long recognized the importance of addressing people's health. Immediately after gaining independence in 1961, Tanzania began training "barefoot" doctors to reach as many of its population as possible. 29 Kenya, Tanzania, and Uganda continue to train and promote community health workers 30 ; Tanzania's health workforce in particular depends on midlevel health workers to manage preventive and clinical care programs from district hospitals. 31 Many ongoing efforts exist to address the disease burden through improved quality and quantity of training for the health care and public health workforce. 19, [32] [33] [34] [35] [36] [37] [38] [39] The majority of these efforts as described in the literature are multi-institutional consortia, many with partners from developed countries. 1, 18, 21, 32, [40] [41] [42] [43] These consortia leverage collective strengths across institutions and share best practices for training. Many institutions have developed graduate degree programs in public health, either within existing medical schools or by developing schools of public health within existing universities. 33, 34, [44] [45] [46] [47] [48] Prioritization of the development of curriculum and training in locally relevant health problems, 32, 35, [49] [50] [51] investment in infrastructure, 18, 52 and a focus on research competencies is common across many of these training and research programs. 18, [41] [42] [43] Despite an abundance of public health training efforts at the postgraduate level, and a small number targeting innovative undergraduate medical education, we see few efforts that combine these two approaches to train a new type of health science professional that can understand and act on both the "upstream" or distal causes of disease and the traditional proximate causes. We highlight two cases in East Africa (Boxes 1 and 2) where initiatives have begun to train health professionals at the undergraduate level to address locally relevant health problems with an understanding of their underlying social and cultural determinants.
The Opportunity for Building Population Health Into the Health Sciences Curricula in East Africa
Given this backdrop, we advance the thesis that in order to increase the quality, scope of expertise, and retention of health care workers in East Africa, training for doctors, nurses, and other health professionals should incorporate the perspectives and skills of population health science. By enabling clinicians to be more broadly equipped to address health needs of varied communities across the region, such an approach has potential to increase the geographic distribution of health workers and to improve the quality of the local workforce. Also, health professionals with skills in population health enhance effective problem solving in health systems. This is consistent with a United Nations 2030 Sustainable Development Goal, to "ensure healthy lives and promote well-being at all ages," which focuses heavily on prevention and systems approaches that are key pillars of population health. 53 Health science education must be made relevant to the challenges faced by the local context to expect advances in health at a population level. A leading Kenyan public health activist claims that in Africa, "if better health does not happen in communities, it doesn't happen; if it happens in communities, it happens in the nation." 54 The traditional approach is to provide public health training during graduate education, primarily the master's level, largely to physicians or nurses who have already completed their clinical training. Although less common, initiatives such as the Medical Education Partnership Initiative or the new curricula at the Muhimbili University of Health and Allied Sciences illustrate that training in population health science can effectively begin much earlier. In East Africa, students enter medical or nursing education directly after completing secondary school at an average age of 18 years. They are required to show proficiency in the English language, mathematics, physics, chemistry, and biology, but are not exposed more broadly to the social sciences. As the population health science approach envisages, painting a broad canvas for health professional education (from molecules to society) is proposed as a common foundation of broadbased general education at the start of health professional education. This would accomplish two objectives. First, it would allow students to see the relationships between different forms of knowledge and the advantage of a transdisciplinary approach to problem solving, which is a key part of population health sciences. Secondly, this foundation would enable the acquisition of habits of critical thinking, problem solving, communication, and collaboration rather than rote learning, and would also promote a sense of social responsibility.
Box 1 The Medical Education Partnership Initiative University of Nairobi Partnership for Innovative Medical Education Program, Illustrating a Population-Health-ScienceBased Approach to Undergraduate Health Professional Education in East Africa
The Medical Education Partnership Initiative (MEPI), launched in 2010, is a five-year, $130 million initiative to scale up medical education and human resources for health in sub-Saharan Africa. 1, 52, 53 The MEPI Partnership for Innovative Medical Education-Kenya (PRIME-K), between the University of Nairobi College of Health Sciences, the School of Medicine & Department of Global Health at University of Washington, and the School of Medicine at the University of Maryland in the United States, is one MEPI grant that addresses the increasing demand for clinical training, locally relevant research, and retention of faculty. Through PRIME-K, initiated in 2011, the University of Nairobi implemented decentralized clinical training at 14 sites across Kenya. This model fosters locally relevant research through research training in rural hospitals, exposes health sciences students to the determinants and burden of disease in rural settings, and reduces the emphasis on clinical training in the main tertiary hospital, allowing students more experience with patient care and better hands-on skills training. This program also supports research training and adjunct faculty positions at the University of Nairobi to local physicians to provide the training and support necessary to carry out locally relevant research. As of 2014, 306 students have rotated through the decentralized training sites, 182 adjunct faculty have been trained, and locally relevant research proposals have been developed. Interviews with students and local health workers have suggested that the program has improved mentoring, quality of patient care, and interest in research, Undergraduate medical and nursing education will need to incorporate concepts of population health and social determinants in the full range of courses. When learning about tuberculosis, for example, students must understand not just the knowledge of the tuberculosis bacillus and its clinical manifestations and treatment, but also the context in which the disease is transmitted and the social and environmental factors that affect susceptibility. Population health and social determinants need to be fully integrated into biomedical education, not taught as a separate subject.
Specialized courses will, however, also be necessary and they must cover both knowledge of population health and the skills to deal with the challenges to be faced. 55 As part of the report Working for Health Equity: The Role of Health Professionals, 56 recommendations for workforce education and training include courses that cover the social and economic conditions that affect health (e.g., housing, education), how social determinants affect health (i.e., biologic mechanisms), why certain populations are more vulnerable, variations in health outcomes by geographic areas, and how they are explained by an understanding of population health science.
From the population health perspective, the specific community and cultural context in which the health professional works will determine how many of these competencies are developed, but they include:
• Practice-based skills including taking a good social history, and how to connect patients to services available in the community;
• Good communication skills to provide information appropriate to the level of a patient's understanding and cultural context; and
• Collaborative skills to work both within and outside the health sector by learning how to collaborate, share information, and build strong and effective health care teams and public health systems.
Currently, doctors, nurses, or other paramedical practitioners can take a path that leads directly to a master's or doctoral degree in public health topics. 36 But what we see as a novel opportunity is the integration of core population health training across all professional health science disciplines, especially including primary care. 57 This would give students the capacity to understand the social determinants of disease and the perspective needed to function more effectively in the clinical setting as well as the skills to understand and influence broader public health issues. For example, educators in Australia have introduced a student toolkit with eight essential questions that integrate the population health perspective into the medical curriculum. For all major diseases, students are required to know its distribution, cause, prevention, management, evidence base, personal impact, societal impact, and the societal response. 5 Finally, graduate training at the master's and doctoral level is needed for those who wish to have advanced training in population health to expand the pool of expertise in population health and research capacity in SSA. In 2004, less than 1% of the global scientific literature was authored by African investigators. 18 Although this percentage is increasing, challenges to African-led research persist, including the lack of training in research methods, the absence of mentoring, and researchers' competing responsibilities to clinical practice. 58 However, the opportunities for Africanbased discovery research, health systems research, and population health studies are vast and unrealized. Because so many health challenges in Africa are context dependent, evidence generated by African investigators in African institutions would be most relevant to solving local problems. It follows that training health professionals should incorporate field training and research experiences. Students should become familiar with the determinants of health and disease both in rural and urban settings away from their medical schools.
Conclusion
How East African institutions incorporate population health science into their curricula will depend on the individual institutions and their faculty and leadership. Furthermore, what we are proposing is complex and will require a significant investment in planning and execution. This should start with making a convincing case to health and educational leaders that the population health approach is the most preferable way to move forward.
A population health approach can provide practitioners with a better understanding of the origins of disease and disability in the communities they serve, bring together the clinical and public health sciences, better prepare practitioners for leadership roles in their communities, and lay the groundwork for advanced studies and specialization in population health science.
Individuals who wish to pursue careers in population health science beyond clinical practice will need additional postgraduate training that allows them to publish original, context-specific research on critical population health problems in their communities. A strong research background also builds educators and role models for the next generation. The goal 54,55 MUHAS developed competency-based curricula for its undergraduate and postgraduate programs to replace the traditional didactic curricula to better train graduates to address the country's health care problems. Faculty assessed existing course content for gaps and redundancies, reviewed available competency frameworks mainly from Australia, the United Kingdom, and the United States, and developed eight competency domains, each with up to nine core competencies. Five of the domains were similar to those adopted by the Accreditation Council for Graduate Medical Education and those proposed by the Institute for International Medical Education, and were common across all professional schools (medicine, nursing, public health, dentistry, and pharmacy). One of these competencies focuses on communication with communities and another on systems of care delivery, both important elements of population health science. The adoption of common competencies across disciplines promotes team building and a multidisciplinary approach to health care that is important in addressing Tanzania's population health burden.
would be to have a well-trained cadre of population health scientists in East Africa who can then be integrated across the region through meetings, conferences, and newer communication technologies to solve problems critical to the region. These individuals would draw on the training and perspectives of frontline physicians, nurses, and paramedical personnel also trained in the essentials of population health.
Population health training seeks to place emphasis on interventions in the home, the village, and the larger community, not just providing treatment to those who present at clinics or hospitals. In the words of one African leader, "health is made at home and only repaired in health facilities when it breaks down." 59 Funding/Support: Academic service agreement between the Regents of the University of California on behalf of its San Francisco Campus, Global Health Sciences, and Aga Khan University on behalf of its Faculty in Health Sciences in Nairobi, Kenya.
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